A series of EUV spectra were obtained from a rocket flight during the 1970 March 7 total solar eclipse. The intensities of permitted and forbidden emission lines in both quiet and active regions have been analysed. The densities and temperatures have been derived as a function of position in the active region. In a given line-of-sight the density increases with increasing temperature and overall the central, low, parts of the active region contain more material at the higher temperatures than do the more extensive loop systems.
I. INTRODUCTION
On 1970 March 7 an Aerobee 150 rocket was launched from the NASA range at Wallops Island, Virginia, into the path of the total eclipse. A series of solar spectra were obtained using a Wadsworth grating spectrometer covering the wavelength range 850-2190 Â. The experiment payload and the data obtained have been described by Gabriel et al. (1971) .
One of the interesting features observed during the eclipse was a large active region on the north-east limb. This was apparent in the forbidden lines of silicon, iron, sulphur and nickel which lie between 1000 and 2200 Â and which were identified from the eclipse data . The active region can be seen in lines formed at temperatures between 7xio 5 K and 2*5 x io 6 K, and the apparent change in structure as a function of temperature is shown in Plate I. The present paper describes the temperature and density structure of the active region derived from analyses of the absolute and relative intensities of the EUV forbidden lines. The method of analysis makes use of the line intensities observed in quiet regions of the corona, and these are also discussed.
The interpretation of the intensities of forbidden lines is based upon values of the population ratios for excited levels of the ground configurations of the ions. These populations are calculated in the present paper, using theoretical excitation cross-sections. It is shown, however, that the resulting values cannot produce a consistent fit with either the active or quiet region observations. Using the quiet coronal observations 4 normalization factors ' have been derived for the calculated populations, and by the use of these factors a consistent and physically reasonable model has been derived for the active region.
OBSERVATIONAL DATA (a) The active region
The area of the limb, illustrated in Plate I, containing the active region was raster-scanned in a number of wavelengths using a microdensitometer. Frame 30 was used for the photometry. This was a i-s exposure obtained when at the line of centres the Moon's limb was 8440 km above the visible limb. On this frame, at the central region of the active region, the Moon's limb was 10 950 km above the visible limb. The intensity calibration procedure is described in more detail by Gabriel et al (1971) , but in outline consisted of grating efficiency measurements prior to and after launch, and film calibration using the method described by Burton, Hatter & Ridgeley (1968) . The absolute intensities derived have a probable accuracy of about a factor of 2. Relative intensities, especially at nearby wavelengths should have a higher accuracy, say ± 20 per cent. The background emission of the quiet corona has an intensity less than 20 per cent of the active region material and this contribution has not been subtracted. However, the intensity of the Fe xn line 4 S3/2-2 I>5/2 at 2170 Â required correction for two effects. First at À>20ooÂ a continuum is apparent, probably due to Thomson scattering in the corona. This continuum level has been subtracted from the observed intensities. Secondly, astigmatism and coma occur at À >2000 Â causing spreading of the images in the height direction. The aberration function has been determined from the spreading of small features. The error can be represented as a change in height depending on the gradient of the intensity. Below the maximum in the Fe xn emission a correction of -30 000 km was used, and above the maximum, a correction of + 30 060 km was made. (b) The quiet corona
As part of a separate study of the temperature and density structure of the quiet corona a radial scan was made at position E 90 o N 73 0 . The intensities of the forbidden lines were measured as a function of height from 7000 to 25 000 km above the limb. N2 is the number density of the excited level, ^21 is the spontaneous transition probability, À12 is the wavelength of the line.
Hence, in terms of quantities which are known or can be calculated
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where N(H) = o*8oAf e , and N{E) m the element abundance. The population ratio N2¡N(ion) depends both on the electron density N e and electron temperature T e . Population calculations have been made for a number of forbidden lines for a range of N e and T e . Several of the transitions considered have excited levels which are populated predominantly according to the ' coronal ' model, and hence N2lN(ion) x i/iV e can be taken as constant over the region of the atmosphere where the line is formed. For other lines a density must be assumed initially and iterations made as necessary. The temperature dependence of A^/A^ion) arises from collisional excitation rates which have the form C12 = 8-6 x 10-6 r e " 1/2 exp ( -WizjkTe) cm3 s -i ( 2 ) oei where Q is the collision strength, w the statistical weight and W the excitation potential of the level in electronvolts. In analyses of the quiet atmosphere it has been assumed, following Pottasch (1963) that the temperature dependent function
can be replaced by an average value, 0*70 of its maximum value. Since the temperature dependence of C is contained in the calculations of A^2/AT(ion), the approximation will be made that each line is formed at the temperature at which N(ion)/N(E) has its maximum abundance, and an average value of A^ionJ/A^Z?), 0*70 of the maximum value will be used. Hence,
Equation ( The quantity measured from the photometric scans made in the quiet corona on a given frame is the radial integral of this emission, /, from /¿o, the height of the Moon's limb, outwards.
Thus in general the integral becomes /• 00 /*+ 00 F{x) = N e 2 dl dx, J *0 J -00 where h Q is the height of the Moon's limb above the solar limb. For emission originating from a layer of limited thickness Ai/, as shown in Fig. 1, this 
where v is the height of the base of the layer above the limb and L is the path length through the mid-point of the layer. In a spherically symmetric atmosphere
Thus if Aü+v is known, the density JV e can be derived as a function of height above the limb, from the rate of change of the emission as a function of ho. An alternative approach, which is usually used when the electron density and emission decrease exponentially as a function of height, is to substitute Ne 2 (r) = N e 2 (ro) exp (-r/ixH) where AH is now the scale height, No. 2, 1975 Analysis of EUV observations 401 in the line-of-sight emission function
where ro is the radial distance of the base of the layer beyond which the density decreases exponentially.
Then at projected height # E(x) = N e *(x) (zttR A#)
and
Thus again N e can be derived since AH can be calculated. Both methods have been used in the present analysis.
(b) Variation of intensities with height in the active region
The variation of the line intensities can be studied as a function of height. From the equation of hydrostatic equilibrium it would be expected that in the absence of a magnetic field-or along a field line, that the variation of electron pressure, P e , is given by,
Along a given field line at high temperatures the thermal conductivity 's large and the temperature can be taken as constant. Hence
If the observed line intensity is proportional to N e 2 then the rate of decrease in the emission as a function of height should follow the hydrostatic fall-off, provided L the line-of-sight distance is constant for a given ion as a function of height. Since the active region (McMath 10623) was an one at ^ t^me °f observation it is unlikely that there will be significant departures from hydrostatic equilibrium caused by mass motions and the observed fall off in emission as a function of height can be used to study the variation of L as a function of height.
(c) Methods of determining T e
There are two ways of determining T e . One is the method described in Section 3(a), in which it is assumed that each line is formed at the temperature at which N(ion)IN(E) has its maximum value. Then the distribution of the emission measure, with T e can be used to check or correct the initial assumption.
An alternative approach is to consider the relative intensity of lines from adjacent stages of ionization. This relies on the temperature dependence of the ion populations. In this work the ionization equilibrium population calculations by Jordan (1969) The electron density can also be derived from the Ly oc emission scattered in the corona, as observed from the 1970 eclipse data (Gabriel 1971) .
Further estimates are possible from the OSO-6 observations made around the time of the total eclipse (Withbroe et ah 1971).
POPULATION CALCULATIONS
Calculations have been made of the populations of the ground configuration levels of the ions Si vm, Si ix, Fe xn and S xi. The following processes have been included.
Collisions between levels of the ground configuration, including protonimpacts.
Radiative transitions, i.e. photo-excitation, spontaneous decay and stimulated emission between the levels of the ground configuration.
Collisions corresponding to permitted transitions to excited levels followed by decay through all permitted transitions.
For Fe xi, collisions from the ground configuration 3 P levels to excited configuration singlets and the subsequent decay, and similar excitations from singlets to triplets were allowed for approximately using Fe xm cross-sections (Saraph 1971, private communication) . The contribution through resonances below excited configuration levels was estimated using the above cross-sections and the method described by Petrini (1970) . The sources of atomic data were as follows. The forbidden transition probabilities were taken from Krueger & Czyzak (1965) , Pasternack (1940) , Malville & Berger (1965) , Garstang (1973) . The collision strengths for electron collisions were taken from Saraph, Seaton & Shemming (1969) and from Czyzak et ah (1967 Czyzak et ah ( , 1970 , extrapolated as necessary using the values of (Z 2^) «, provided by the authors. Proton-impact rates were taken from or calculated from Bahcall & Wolf No. 2, 1975 Si IX
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Sivin 1446 4*5Xio (1968). Permitted transition probabilities were taken from Fawcett, Peacock & Cowan (1968) , and from Froese (1967), both of which included limited configuration mixing.
For induced radiative transitions the radiation temperature appropriate for the wavelength was used, i.e. 4500 K < T r < 6000 K. The dilution factor was taken as 0*42.
The main source of error in the present calculations will be the neglect or approximate treatment of exchange collisions between the ground and excited configurations, and of contributions through resonances, and underestimated configuration mixing. The necessary cross-sections are not yet all available.
Since the present work was done Mason (1975a) has made new calculations of the excitation cross-sections and transition probabilities in Fe xi using the distortedwave approximation and taking into account configuration mixing. For the 1 Sq level these results are in close agreement with those calculated in the present paper. Table I gives the values of some of the atomic data used and calculated values of iV2/iV(ion) as a function of N e . From Table I an attempt has been made to follow the apparent direction of the magnetic field. The position chosen is shown as A in Fig. 2 , and the ' field line ' followed for Si vin is also shown. At position A the direction is practically radial for heights up to 86 000 km. The fall off in emission expected from equation (6) and a line intensity proportional to jV e 2 is shown by a full straight line. The broken line shows the fall off expected if the calculated dependence of the emission on iV e for each particular line is included. An initial density of iV e = 10 9 cm" 3 was assumed at a height of 20 300 km above the photosphere. It can be seen that in Region A the fall off in the emission as a function of height follows the predicted decrease rather closely between 3 x io 4 km and 86 oookm. Thus over this range the value of L can be taken as constant. Beyond 8-6 x 10 4 km the path length begins to increase.
(b) Absolute intensities
The observed absolute intensities and calculated level populations can be used with equation (4) concerning the temperature at which the lines are formed is satisfied. The distribution of the emission measure with T e that results is shown in Fig. 4 . Using the population densities given in Table I the function is so strongly peaked at T e ~ 1-6 x io 6 K that a re-calculation of the emission leads to the conclusion that all the lines should be formed at T e ^ i-6x io 6 K and not where each iV(ion)/ N(E) has its maximum value. This is clearly in conflict with the observations since the monochromatic images of the active region in the different lines should then have an identical appearance. Plate I shows that this is not so. Moreover, a model where all the material is at i-6 x io 6 K does not fit the relative intensities of adjacent stages of ionization (see Section 5(c)). There is therefore evidence that the population calculations are not correctly reproducing the observed emission. An alternative method of determining the level populations by normalizing to a quiet region of the corona has been derived and is described in Section 7.
(c) Relative intensities Table II shows for Region A at a height of 30 000 km, the values of T e derived from (a) the maximum of each ionization curve, (b) the average of (a) for adjacent ions assuming the emission measure is constant with respect to Te* and (c) the observed intensity ratios and calculated populations. It can be seen that the Sivin/Si ix and Fe xi/Fexn ratios show distinctly different temperatures, which would be the situation if the emission measure varies with T e . However, the Si ix/Fe xi ratio gives an entirely unrealistic temperature. The ratios do not support a model where T e is constant and ^ i-6 x io 6 K. The low Fe xu/S xi temperature could result from a rapidly decreasing emission measure at high temperatures. Thus the intensity ratios support the conclusion of the previous section that the calculated populations do not lead to realistic models of the active region. It should be pointed out that the Si ix/Fe xi and Fe xu/S xi ratios depend also on the relative abundances used whereas the Si vm/Si ix and Fe xi/Fe xu ratios do not. The density and path-length for Region A at 30000 km derived from the Si vin and Si ix intensities are given in Table III . Since the results depend on the initial density used, the variation with initial density is shown. A self-consistent solution is obtained with jV e = 2*0 x 10 9 cm -3 , L = 5*0 x 10 4 km. This value of L is comparable to the observed diameter of the Si vm ' flux tube *, which is 3-6 x 10 4 km. The Fexn line ratios in the same region give iV e = 2-ox 10 9 cm -3 . However, the absolute intensity of the 4 *S , 3/2~2F > i/2 line combined with this density leads to L = 4-2 x i o 5 km. This value of L seems unrealistically large, indicating that either the calculated 2 Pi/2/ 2 05/2 population ratio is too large and/or that the calculated 2 Pi/2 population is too small. Another estimate of iVe in the region where Fe xn is formed can be made by assuming that the line-of-sight path length is the same as that apparent in the Si vm flux-tube. This is L ^ 3-6 x 10 4 km, and leads to N Q ^ 6-8 x 10 9 cm~3. In order to obtain this density from the Fe xn line ratios the calculated population ratio would have to be decreased by a factor of 2-5. However, if the 2 Pi/2/ 2 Öö/2 population ratio is as calculated the 2 Pi/2 population would have to be too small by a factor of 13. Thus there are indications from the active region data that the absolute and relative populations of the Fe xn levels may need some correction. Summarizing these conclusions from the active region observations, the Si vm and Si ix absolute intensities and ratios give L and which are broadly consistent with the observations. However, the Si ix/Fe xi ratio gives unrealistically high temperatures indicating that at least one of the calculated populations needs some correction. The temperature can be reduced by increasing the calculated population of Fe xi, 1 5o. The Fe xn absolute intensity and emission measure suggest that the calculated 2 Pi/2 population is too small, whilst the Fe xn line ratios suggest that the calculated 2 Pi/2/ 2 Pö/2 ratio is too large. A. H. Gabriel and C. Jordan Vol. 173 6. THE RESULTS FOR THE QUIET CORONA In order to clarify these discrepancies and derive correction factors for the populations an analysis was carried out on the intensities from quiet coronal regions.
(a) Relative intensities
The variation of absolute and relative intensities in the quiet region at E90 0 N 73 0 have been studied as a function of height. The chromosphere-corona transition region, even around spicules, should be excluded by A ^ 10 000 km, and it would be expected that the corona between heights of 10000 and 25 oookm is isothermal. If so, then the intensity ratios of lines from adjacent ion stages should give a constant temperature as a function of height, and, furthermore, each ratio should give the same temperature. If the line ratios are constant with height but do not give the same temperature then this can be taken to indicate that the calculated level populations are not correct (the abundance enters into the population too). Correction factors can then be found such that all line ratios give the same temperature. These can then be applied also to the active region analysis.
The results in Table IV show that the Si vm/Si ix ratio and Fe xi/Fe xn ratio lead to about the same temperature, which is approximately constant as a function of height. There is, however, a clear disagreement between the temperatures found from Si vm/Si ix or Fe xi/Fe xn and those found from Si ix/Fe xi. The Si ix/ Fexi ratio is insensitive to T e for log T> 6*20, and the value obtained would imply log T>6*40. In order to bring the Si ix/Fe xi temperature into agreement with the other two values it would be necessary to increase the abundance of iron relative to silicon by a factor of 2*2 but in view of the abundances used this does not seem a likely solution. The results do not depend greatly on the initial value of N e assumed. Changes in the populations of the Si ix and Fe xi levels rather than in the abundances would also lead to changes in the temperatures derived from the Si vm/Si ix and Fe xi/Fe xn ratios.
The average temperature found, for jV e = 3 x 10 8 cm" 3 , from the Si vm/Si ix and Fexi/Fexn ratios is i-ySx io 6 K, close to the temperature at which Fe xii has its maximum abundance. The Fe xn line ratios which are sensitive to electron density can also be examined to see how, if at all, the density varies as a function of height. The results are shown in Table V . There is no systematic variation of density with height. This is consistent with the large expected density scale height of 80 000 km {T e = 1-5 x 10 K). Furthermore, the random variation is consistent with the expected accuracy of the relative intensities (±20 per cent, since the lines are at widely differing wavelengths). However, the densities derived from the ratios are ~ 10 7 cm~3, much lower than found from other measurements in the corona, which at heights of ~ 20 000 km, give typically iV e = 2-4x io 8 cm~3 (e.g. Jordan 1966 and average models compiled by Allen 1973) . Thus again there is evidence that the computed populations cannot account for the observed ratios. However, a decrease of only a factor of i-8 is needed in the calculated population ratio iV( 2 Pi/2)/iV( 2 Z)5/2) in order to give an average density oî Ne = 3 x1o 8 cm -3 . The values of iV e , indicated by Ne*> derived by decreasing this calculated population ratio N( 2 Pi/2)IN( 2 D5/2) by a factor of i*8 are also given in Table V Gabriel and C. Jordan Vol. 173 to the calculated populations which are in the same direction as those suggested by the active region data. These are that the Fe xi, 1 So > calculated population is too small, and that the Fe xn, iV( 2 Pi/2/iV( 2 05/2) ratio is too large.
The absolute total intensity for a particular value of ho is given by equation (4) with the integral replaced by F(x) as given in equation (5) or (7). Fig. 5 shows the value of F(x) derived from the lines of Si vm, Si ix, Fe xi and Fe xn as a function of T e for Ao = 12 140 km. The initial density used was iV e = 3 x 10 8 cm -3 . If A// is measured from the height where log T e = 6-i8 -0*15, to allow for the width of the ionization equilibrium distribution for Fexi, then the ultraviolet models suggest x = 4000 km. The precise value is not critical.
AH can be found as a function of temperature using equation (10). Thus, knowing AH and L, the parameters {AH^x -hç^L or AH(zttR AH) 1/2 and
Ae can be determined as a function of T e -These are shown in Fig. 5 and the values of N Q have been derived from the Si vm absolute intensities, since over most of the range of T e considered these give the lower limit to iV e .
From Fig. 5 it can be seen that it is not possible to reproduce all the line intensities with a single temperature or with N e <2-$ x 10 8 cm -3 . If it is assumed rco /* + oo F(x) = Ne 2 dldx J ho J -CO derivedfrom observed intensities at ho -12 100 km. The geometric functions (AH+x -ho) L and AHiznRAH) 1^ are shown as full curves (i) and (ii). The electron densities derived using these and F(x) for Si vm are shown as dashed lines (0 and (ii).
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Analysis of EUV observations 411 that Nq -3*0 x io 8 cm -3 and that all the lines are really formed at a single temperature then the factors by which the calculated populations must be corrected can be found. These are given, in Table VI , as a function of the assumed temperature. Values found using both approximations to the layer width are given, the difference between the two sets being a factor of i*8. It can be seen that the correction factors found are consistent with those required by both the quiet and active region relative and absolute intensities, i.e. the Si vm and Si ix corrections are not large, but the Fe xi 1 *So and Fe xn 2 P, 2 Z) populations need to be substantially increased, whilst the 2 Pi/2/ 2 05/2 ratio is reduced. (ii) 2*5 2-3 5-1 9-1 16 I-78 X 10 1 (i) 6-8 5-1 9*5 ii*5 20*7
(ii) 4-1 3*i 6-7-14 (c) Other estimates of the temperature and density of the quiet corona Because the correction factors to the populations are quite sensitive to the assumed temperature, further evidence on the temperature of the ' average * region is of value. There are two methods which can be used. First, the radial fall off in the Si xi line (which has intensity ccN e 2 ) can be examined and the temperature found from the scale height. This is shown in Fig. 6 . The expected gradients with three values of T e are shown. A comparison of the observed and calculated gradients between 7000 and 25 000 km indicates that T e < 1-7x io 6 K.
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The variation of the line intensities as a function of latitude provides a second method. Table VII because the ionization equilibrium distribution has a ' tail ' extending to coronal temperatures. In fact over the temperature range io 6 -2x io 6 K, the dependence is practically linear. The changes in the relative intensities of lines from adjacent stages of ionization show that the differences in temperature between the cool region, the average region and the hot region are less than o*io dex in each case. The variation in the O vi intensities can therefore be used to show that F(x) has the same value in the cool and average regions but increases by a factor of 1*5 in the hot region. The observed variations in the high ions of iron and silicon can then be used to deduce limits to the temperature in the average region. A precise determination would rely on the computed populations, but as it happens the limits placed are useful. These limits are as follows. The decrease in the Fexii and Fexi intensities from the average to quiet region whilst Fe ix, Fe x, Si vm and Si ix increase and F{x) remains constant shows that log T(average)<6m8, the temperature at which Fexi has maximum population. The increase in the Fe xn intensity from the average to active region whilst Si vm and Fe xi decrease (Si ix remains the same) shows that log T(average) >6-18. Allowing a 10 per cent error in the relative intensities these limits are not inconsistent and it can be concluded that the temperature in the ' average ' region is very close to 1*5 x io 6 K.
Independent evidence for the value of N e can be obtained from the analysis by Gabriel (1971) of the scattered Lyman oc emission from the corona. The white-light photographs obtained by Newkirk & Lacey (1970) show that the density distribution for region (D) is fairly similar to region 1 of Gabriel's analysis. At a height of 75 oookm, region 1 has a density of log A^e = 7*85. For io 6 <T , e^i *7x 10 6 the equation of hydrostatic equilibrium gives, for A = 12 140 km limits of 8*39 > logiVe>8-i7. The higher density region at the west limb (region 2 of Gabriel's analysis) would give 8-54>logiV e >8*32. Thus if an average value of N Q = 3X 10 8 cm~3 is used it is unlikely that this is an underestimate.
The electron density in the corona around the time of the eclipse has been determined by Withbroe et al. (1971) using the Mgx intensities observed from OSO-6. Although observations were made on March 7, the day of the eclipse, they No. 2, 1975 Analysis of EUV observations 413 do not have sufficient accuracy close to the limb to be of use for the present purpose. However, by March 10, when observations are also available, the regions at E90 0 N73 0 and E90 0 N 19 0 have rotated on to the disk. Assuming that no changes in N Q have occurred over the three days following the eclipse, the densities where Mg x is formed can be found. In the quiet corona Mg x will be formed at the average coronal temperature, T e ^ i*5 xio 6 K. In the active region Mgx will be formed at the temperature where g(T) has its maximum value, namely T e = i'3Xio 6 K. The densities found are N Q = 3*3 x 10 8 cm -3 for the quiet region and N e = 1*2 x 10 9 cm -3 for the active region. The value of N Q = 3*3 x 10 8 cm -3 is close to that of 3 x 10 8 cm~3 suggested in the present analysis of the quiet coronal region. From Fig. 5 it can be seen that if N e <3x 10 8 cm -3 then a low temperature solution for the absolute intensity of Si vin is more suitable. Overall the available data suggest that the appropriate conditions for the ' average ' region (D) are T e = i*5 x io 6 K and iV e < 3 x 10 8 cm -3 .
(d) Effect of inhomogeneous structure in the quiet corona
It is in principle possible to reduce the required level populations in the quiet corona by invoking small scale radial structures of different T e . In Fe xh this could reduce the absolute population required but at the same time would increase the correction needed to the 2 Pi/2/ 2 05/2 population ratio. The temperature derived from the Si ix/Fe xi line ratio would, however, remain unacceptable and corrections to their relative populations would be required. But the main argument for the need for higher Fexn populations is the unacceptably high value of the active region emission measure at T e ~ i-yx io 6 K given by the calculated population.
RE-ANALYSIS OF THE ACTIVE REGION
The correction factors given in the third column of Table VI can now be applied to the active region data. The temperature dependence of the excitation rates has been allowed for in converting the factors from T(region D) = 1*5 x io 6 K to the temperatures at < § p (T)max, needed for the active region. The S xi line is too faint to use out of the active region and the same normalization factor has been used as for the iso-electronic Si ix level. The averaging procedure will result in the values of N e being upper limits and of L being lower limits. Table IX shows the values of N e found from the relative intensity of the Fe xn lines. Because of the corrections for the continuum and astigmatism the accuracy of the densities will be only ~ ±40 per cent. The densities are ~3 x 10 9 cm~3 at 3 x1o 4 km decreasing to ~io 9 cm" 3 by io 5 km. In hydrostatic equilibrium at T e = i*7 x 10 6 the density would decrease by a factor of 2*3 over this height range, which is not significantly different from the observed decrease. The path length L can be found from combining iV e with the absolute intensities. The resulting values of L vary between ~ 2*6 x 10 3 and 1*5 x 10 4 km, for heights between 3 x 10 4 km at 10 5 km. Tables VIII and IX it can be seen that the values of derived from the Si vm/Si ix ratios are systematically lower than those derived from the Fe xn ratios. Conversely the path lengths found from the Si vm/Si ix ratios tend to be larger than those found from the Fe xn intensities.
In Region A, where the clearest loop structure is visible, the absolute values of J iVe 2 dl as a function of temperature can be satisfied by a model in which the density increases, whilst the path length decreases as T e increases. Table X shows iV e and L in Regions A and B at A = 30 000 km, as a function of temperature, where N q has been interpolated between the Sivm and Fexn values. The path length for Si vin agrees well with the ' observed ' diameter of 3-6 X 10 4 km. The electron pressure increases from 10 15 cm" 3 K at T e = 9 x io 5 K to 6 x 10 15 cm" 3 K at 2 x io 6 K. (The typical quiet transition region value is 6 x 10 14 cm" 3 K, and for the Krieger, Vaiana & Van Speybroeck 1971 and recent ATM data) then the present observations show that the temperature associated with the loops increases towards the centre of the active region. At any position, even in apparently a single loop, such as that obvious in Si vm, there is, however, a range of temperatures present. It seems likely that within a given loop structure the cool material lies within the hot, i.e. in Region A there is a thin, hot shell around the Si vm emitting region. If the hot material were within the cool, the path length for the cool material is sufficiently large for gaps to appear between adjacent regions emitting high temperature lines. Plate I shows that this is not so. In a given line-ofsight the pressure associated with each temperature increases as a function of temperature, but the average density increases towards the centre of the active region. Earlier analyses considered active regions as axially symmetric ' condensations ' (e.g. Aly, Evans & Orrall 1962; Boardman & Billings 1969) . Although the general properties deduced by these authors do not differ greatly from those in the present work, it is now known that a model in which the emission originates in magnetically controlled flux tubes is more appropriate than a condensation model.
The more complex geometry used by Mason (1975 b) lies between a condensation model and a loop structure model and, although the density and temperature values found differ in detail from the present results, there are no gross inconsistencies between the two sets of data.
IMPLICATIONS OF POPULATION NORMALIZATION FACTORS
Throughout the present paper the calculated level populations have been scaled to give electron densities and path lengths which are physically consistent both with the present data and other analyses of coronal intensities. For Sivm and Si ix the correction factors have values of up to a factor of 3. This size of uncertainty is not remarkable since detailed cross-section calculations for these ions are not available, and this factor also includes the uncertainty in the silicon abundance.
The correction factor of between 5 and 9 for the 1 Sq level in Fexi is more difficult to account for. As mentioned in Section 4, the recent population calculations by Mason (1975a) which include the same processes as do the present ones, but use more precise excitation rate coefficients, agree with the present calculations to within 30 per cent at N e = 10 8 cm -3 and 10 per cent at N e = 10 9 cm -3 . In the present calculations the final population is most sensitive to the contribution from resonances below levels in excited configurations. In Mason's calculations the direct and cascade contributions are comparable. However, it can be seen from used, no detailed calculations taking full account of configuration mixing and resonance contributions have yet been published. Errors of factor of 2-3 might therefore be expected but the order of magnitude correction required is very surprising. The correction of a factor of ~ 2 to the relative populations of 2 Pi/2 and 2 Z)5/2 is within the expected accuracy of the calculations.
CONCLUSIONS
In analysing absolute and relative intensities from quiet and active regions of the solar corona observed during the 1970 March total eclipse it has been found necessary to use excited level populations which are systematically larger than those calculated using the best available atomic data.
By essentially normalizing to a quiet corona of iV e = 3 x 10 8 cm -3 , T e = 1*5 x io 6 K at h ~ 10 4 km, correction factors to the calculated populations have been
found. When applied to the active region data the following structure results and is consistent with all aspects of the data analysed. The low temperature material, as observed in the Si vin line is observed mainly in the outer parts of the active region in the form of a loop extending to heights of ~ 1*5 x 10 5 km in the corona.
The central part of the active region contains relatively more hot material, emitting for example in Fe xn and S xi, in the form of smaller loop structures. The average electron density increases towards the centre of the active region. Along given lines of sight through the active region the electron density increases as the temperature increases, the pressure rise from T Q ~ 9x1 o 5 K to T e ~ 2xio 6 K being a factor of about 6. The thickness of the emitting layers decreases as temperature increases and the observations suggest that in a given loop the cooler material is within a hotter, thinner shell. The electron density decreases as a function of height along a field line roughly according to the equation of hydrostatic equilibrium. From h ~ 3*0 x 10 4 km to 8*6 x 10 4 km there is little expansion of the Si vin loop.
Magnetic field strengths of only ~ 2-5 gauss are needed to maintain pressure balance across the field.
